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(BUAERO NO. 37974) RESEARCH ATRPLANE

STATIC LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS
AT MACH NUMBERS UP TO 0.87

: By S. A. Sjoberg, James R. Peele,
’ and John H. Griffith

SUMMARY

Flight measurements were made with the Douglas D-558-II research
airplane to determine the longitudinel stability and control character-
istics in both steady flight and accelerated flight.

With the slats locked and the flaps up the airplane weas longitudi-
nally unstable at normel-force coefficlents greater than epproxi-
mately 0.8 in steady flight at low speeds and in maneuvering flight at
Mach numbers up to &t least 0.65. No date were obtained st high normsl-
force coefficients at Mach numbers greater than sbout 0.65 because of
the power limitations of the alrplane with only the Jet engine installed.
The instaebility proved objectionable to the pilots particularly in
accelerated flight because of the tendency for the airplane to pitch to
high angles of attack very rapidly and because violent rolling and yawing
motions sometimes occurred when the high angles of attack were reached.
The instebility probebly resulted from a large increase in the rate of
change of effective downwash at the tail with increase in angle of
attack at moderate and high angles of attack.

With the flaps down and the slats locked, the longitudinal stability
characteristics in steedy flight at low speeds were very similar to the
characteristics with the flaps up and the slats locked, except that the
instability occurred at a higher normal-force coefficient.

The degree of instability present with the slats unlocked and the
flaps up or down was much less than with the slats locked and the pilots
had only minor objections to the longitudinal characteristics of the
airplane. .
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In steady flight in the Mach number range from 0.50 to 0.87 the
airplane was stable longitudinally and no abrupt trim changes occurred
up to the highest Mach number reached, 0.87. The date indicaste that .
only a slight reduction in the relative elevator-stabllizer effective-
ness occurred in going from a Mach number of asbout 0.55 to 0.85.

In turning flight at low lift coefficients the values of dbe/dCyy

and AFe/AS were approximately doubled as the Mach number was increased
from 0.6 to 0.87. Most of the increase in d&e/chA and AFe/lg can

be attributed to an increase in the stabllity of the airplane which
occurred because of the increase in the stebility of ithe wing-fuselage
combination. At a Mach number of O.4 the aerodynamic center of the
wing-fuselage combination is at about 10 percent of the mean aerodynamic
chord, and at a Mach number of 0.87 the aerodynamic center is at about
20 percent of the mean aerodynamic chord.

INTRODUCTION

As a part of the cooperastive Navy-NACA Transonic Flight Research
Program the NACA is utilizing the Douglas D-558-II (BuAero No. 379T74)
research airplane. These tests are being made at the NACA High-Speed
Flight Research Station at Edwards Ailr Force Base, Calif. This paper )
presents measurements of the longitudinal stability and control charac-
teristics in both steady flight and accelerasted flight. Data are pre-
sented for & speed range from the stalling speed up to & maximum Mach -
number of 0.87. :

References 1 to 7 present flight measurements of other serodynamic
characteristics of the Douglas D-558-II airplane. Reference 7T presents
flight measurements of the pitching-moment characteristics of the wing
and the wing-fuselage comblnation; therefore, correlstlon between the
longitudinal flying qualities reported herein and the pitching-moment
characteristics of the wing-fuselage comblnation can be obtained by
referring to reference 7.

COEFFICIENTS AND SYMBOLS

B elevator deflection with respect to stabilizer, degrees
SaT total alleron deflection, degrees
5n rudder deflection, degrees
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stabilizer setting with respect to fuselage center line, positive
when leading edge of stabilizer is up, degrees

slet position, inches (see fig. L)
elevator control force, pounds

alleron control force, pounds

rudder control force, pounds

normal acceleration, g

acceleration due to gravity

lateral acceleration, g

airplane normal-force coefficient (nW/qS)
alrplane welght, pounds

free-stream dynamic pressure, pounds per square foot
wing area, square feet

horizontal-tail normal-force coefflcient, positive for up tall
load (Lw/qST)

gerodynamic load acting on horizontal tell, pounds
horizontal-tail area, square feet
free-stream Mach pumber

pressure altitude, feet

calibrated elrspeed, miles per hour

angle of attack of airplane center line, degrees
rolling velocity, radians per second

yawing velocity, radisns per second

pitching veloclity, radians per second
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as,

EEE_ rate of change of elevator deflection required for trim with
Na change in airplane normel-force coefficient, degrees

OF g

e elevator control force per g of acceleration, pounds per g

a.c.yp aerodynamic-center location of wing-fuselage combination,
percent mean aerodynamic chord- .

—_— relative elevator-stabilizer effectiveness

ATRPLANE

The Douglas D-558-I1 airplsenes have sweptback wing and tall surfaces
and were designed for combination turbojet and rocket power. The air-
plane used in the present investigation (BuAerc No. 37974) does not yet
have the rocket engine instelled. This sirplane is powered solely by
8 J-34-WE-40 turbojet engine which exhausts out of the bottom of the
fuselage between the wing and the tail. Photograephs of the airplane
are shown in figures 1 and 2 and & three-view drawing 1s shown in fig-
ure 3. Pertinent airplasne dimensions and characteristics are listed in
table I. ’

Both slats and fences are lncorporated on the wing of the sasirplane.
The wing slats can be locked in the closed positlon or they cen be
unlocked. When the slats are unlocked the slat position is a function
of the engle of attack of the airpiane. Also, the slats on the left and
right wings are interconnected and therefore, at any time, have the same
position. Figure 4 is a drawing of the wing section showing the wing
slat in the closed and extended positions. '

The airplaene 1s equipped with an adjustable stabilizer but no means
are provided for trimming out aileron or rudder control forces. No
aerodynamic balance or control-force booster system is used on any of
the controls. Hydraullc dampers are -installed on all control surfaces
to aid in preventing any control-surface flutter. Dive brakes are
located on the rear portion of the fuselage.

Figure 5 shows the variation of elevator position with control
wheel position. The friction in the elevator control system as measured
on the ground under no load is presented in figure 6. The friction
measurements were obtained by measuring the control position and control
force as the control was deflected slowly. The rate of control-surface
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deflection during the friction measurements was sufficiently low so
that the control forces resulting from the hydrsulic dampers in the
control system were negligible.

INSTRUMENTATION

Standard NACA recording instruments were instelled in the alrplane
to measure the following guantities: ‘

Airspeed

Altitude :

Elevator and alleron wheel forces

Rudder pedsl force

Normel, longitudinal, and lateral accelerations

‘Rolling, pitching, and yawing velocities

Angle of agttack

Staebilizer, elevator, rudder, left and right aileron positions

and slst position
Strain gages were installed on the alrplene structure to measure

wing and tail loads. The outputs of the straln gages were recorded on
en 18-channel recording oscillograph. The strain gages were calibrated
in terms of tall load by epplylng known loads at many points on the tail
structure. The measured outputs of the gages were utilized to obtain
equations from which the load on the tail could be found from the gage
responses during flight. In flight, the strain gages respond toc a com-
bination of serodynamic and inertia losds. The tail loads given in
this peper have been corrected for inertia effects and therefore repre-
sent the aserodynamic loads.

The alleron positions were measured on bell cranks gbout 1 foot
forward of the ailerons. The rudder and stabilizer poslitions were
measured on the control surfaces. In some cases the elevator position
was measured on the elevator actuating arm in the fuselage and in octher
cases the elevator position was measured on the surface. The elevator
positions presented were measured with respect to the stabilizer and
the stabilizer positlon was measured with respect to the fuselage center
line. All control positions were messured perpendicular to the control
hinge line. The slat position as used in this paper is defined in
figure 4 by the distance dg.

A free-swiveling airspeed head was used to measure both static and
total pressures. The alrspeed head was mounted on a boom 7 feet forward
of the nose of the airplane. A vane, which was used to measure angle of

attack, was mounted below the same boom 45 feet forward of the nose of
the atirplane. (See fig. 1.)
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The calibration of the alrspeed Installastion was accomplished in
the Mach number range from 0.30 to 0.70 by meking tower passes. The
details of the tower-pass method of obtaining alrspeed calibrations are
given in reference 8. In order to extend the calibration up to a Mach
number of 0.90 the following procedure was used. The blocking error
due to the fuselage was assumed to be consteant. For the combinatlon of
fuselage shape and airspeed boom length used, this assumption is Justi-
fied on the basis of results reported in reference 9. The blocking
error due to the airspeed head was established up to a Mach number
of 0.85 from wind-tunnel tests. By comblning the constant blocking
error of the fuselage with the blocking error due to the airspeed head
the alrspeed calibration was extended up to a Mach number of 0.85. For
Mach numbers greater than 0.85 and less than 0.30 the calibration was
extrapolated. Also, at eny glven Mach number the same correction was
applied at all angles of attack.

The angle-of-attack vane was not calibrated for position error in
flight. Since the angle-of-attack vane was far forward of the wing of
the airplane (sbout 1.6 wing semispans) the position error of the vane
would be expected to be small. The error in the measured angles of
attack resulting from boom bending was determined experimentally and
the angle-of-attack measurements presented 1n this paper have been
corrected for boom bending.

TESTS, RESULTS, AND DISCUSSION

The static longitudinal stability and control characteristics of
the Douglas D-558-II airplane were determined both in steady (1 g)
flight and in accelerated flight for a speed range from the stalling
speed up to a maximum Mach number of 0.87. The data were obtained in
the sltltude range from 12,000 to 25,000 feet and the airplane's center-
of -gravity location during the investigation'was in the range from 26.1
to 27.4 percent of the wing mean aerodynamic chord.

Longitudinal Characteristics in Steady Flight

Low speeds.- The static longltudinal stabillity characteristics in
steady flight at low speeds were determined for four different airplane
configurations:

(1) Flaps up, landing gear up, slats locked

(2) Flaps up, landing gear up, slats unlocked
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(3) Flaps down, landing gear down, slats locked
(¥) Flaps down, landing geer down, slats unlocked

The data were obtained by teking continuous reccrds as the speed
was reduced from a speed 30 to 90 miles per hour sbove the stalling
speed down to the stalling speed. During these tests the jet engine
was set at idle thrust.

The data for the alrplene in the flaps-up, landing-gear-up, slats-
locked configurstion are presented in figure 7. Figure T(a) shows the
variation of elevator position, elevator control force, tail normal-
force coefficlent, and angle of attack with indicated airspeed and fig-
ure T(b) shows the varistion of elevator position, tall normsl-force
coefficient, and airplane normsl-force coefficient with angle of attack.
Inspection of figure 7(a) shows that the airplene wes steble longltudi-
nally in the speed range from 230 to 165 miles per hour as shown by the
increasing up-elevator deflections and increasing pull forces reguired
for trim with decrease in airspeed. At an indicated alrspeed of about
165 miles per hour the alrplane became longitudinslly unsteble and was
unstable down to the lowest speed reached, 148 miles per hour. Fig-
ure T(b) indicates that the longitudinal instebility occurred at an
angle of attack of about 9° or a normsl-force coefficient of about 0.80.
When the airplane was unsteble the pilots experienced difficulty in
balancing or trimming the airplane. Therefore, the data presented for
the speed and angle-of-attack range in which the alrplane was unsteble
only approximstely represent the quantities required for trim and
balance. The tall normsl-force-coefficient data of figure 7(b) show
that for angles of attack less than gbout 9° where the alrplane was
stable the wing-fuselage combinetion was destebilizing since the tail
normel-force coefficient required for balance increased Positively with
increase in angle of ettack or increase in asirplane normasl-force coeffi-
cient. However, for angles of attack of 11° to 13.5o where the airplane
was unsteble the wing-fuselage combination was stapilizing since the
tall normel-force coefficient required for balance*decreased as the
angle of attack and airplane normsl-force coefficient incressed. For
anglees of attack greater than spproximstely 13.5° the wing-fuselage com-
bilnation was again destabilizing. These results are in agreement with
date presented 1n reference 10 which reports results of a wind-tunnel
investigation made in the Southern Californis Cooperative Wind Tunnel
with a model of the Douglas D-558-IT airplene. Further informstion on
the stabllity characteristics of the wing and the wing-fuselage combina-
tion are reported in reference 7.

The data, therefore, indicate thet the instability of the alrplane
at angles of attack greater than 9° was not due to = destgbilizing
effect from the wing-fuselage combination., The instability probably
resulted from an increase in the rate of change of the effective down-
wash at the tail with change in angle of attack at the higher asngles of

YD
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gttack. Data presented in reference 11 for a wing having 420 of sweep-
back show that, for horizontal-tall positions relatively high above the
wing chord plane, ss is the case with the Douglas D-558-IT airplane
(the horizontal tail is about 0.4 wing semispans above the wing chord
plane), a large increase in the rate of change of effective downwash
with change in angle of attack occurs at moderate and high angles of
attack. The data of reference 11 also show that, for horizontal-tail
positions below the chord plane, a decrease in the rate of change of
the effective downwash with angle of attack occurs at high angles of
attack.

The pilots reported that when flying in the angle-of-attack range
for which the alrplane was unstable 1t was extremely difficult to main-
tain the airplane at a reasonably constant speed or attitude. However,
in the pilot's opinion and as will be shown later in this paper, the
instabllity was not nearly as obJectlionable to the pilot when it occurred
in 1 g flight as when it occurred in accelersted maneuvers.

The date for the flaps-up, landing~gear-up, slats-unlocked alirplane
configurstion are presented in figures 8(a) and 8(b). In this airplane
configurstion the airplane was longitudinally stable at indicated air-
speeds greater than 155 to 160 miles per hour. At airspeeds between
155 and 140 miles per hour the alrplene was unstable, but the degree of
instability was not nearly so great as with the slats locked (fig. 7).
At indicated airspeeds less than 140 miles per hour the data presented
in figure 8(a) indicate the airplane i1s very stable longitudinally.
However, from the data of figure 8(b) showlng the variation of the
elevator deflection required for balance with angle of attack the air-
plane appesrs to be neutrally stable or slightly unstable in the angle-
of -attack range from 22° to 28°. Also from figure 8(b) at angles of
attack of 18° to 37 the tall normal -force-coefficient data show that
the wing-fuselage combinstion again becomes destabilizing. Agsin the
data at the high angles of attack only indicate the trends and are not
the absolute quantities required for trim or balance. The data indicate
that with the slats unlocked the instabllity occurred at a somewhat
higher angle of attack and airplane normal-force coefficient than with
the slats locked, the angle of attack and alrplane normsl-force coeffi-
cient for instebility being about 11° and 0.90 with the slats unlocked
and 9° and 0.80 with the slats locked. The variation of the slat posi-
tion with angle of attack was smooth and the slats were fully open for
angles of attack greater than 10. 59

The pilots had only minor obJjections to the instabllity which was
present in the speed range from 140 to 155 miles per hour and the
instability at the high angles of attack (22° to 28°). Uncontrolled-
for rolling and yawing motions due to stalling were present when the
airplane was unstable in the high angle-of-attack range. These motions
were much more noticeable to the pllot than the longitudinsl Iinstability.
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Presented in figures 9(a) and 9(b) are the data for the flaps-down,
landing-gear-down, slats-locked configuration. In this configuration
the airplene was stable at indicsted airspeeds above 140 miles per hour
and highly unsteble below thils speed. The instabllity occurred at an
angle of attack of about 10° and a normsl-force coefficient of about 1.15.
When the instability occurred, the airplane tended to pitch up very
raepidly even though the elevator was moved down as soon as the pltch up
was notliced. The pilots obJjected to the instabllity of the airpleane in
this configuration becsuse of the tendency for the airplane to pitch up
to high angles of attack very rapidly. Also, st the high angles of
sttack violent rolling and yawing motions sometimes occurred.

The date for the flaps-down, landing-gear-down, slats-unlocked
configuration are presented in figure 10. The dsta show that at indi-
cated airspeeds in the range from 140 to 130 miles per hour (angle of
attack from 10° to 16°) the airplene has approximately neutral longitudl-~
nal stebility. At indicated ailrspeeds slightly less than 130 miles per
hour the airplasne is very stable longitudinally. In the higher angle-
of-attack range (24° to 38°) the data of figure 10(b) indicete that the
airplane is agein longitudinally unstable. This instability is not
very apparent in figure 10(a) because the speed range over which it
occurs 1s very small although the angle-of-attack range for the Insta-
bility is large. Again, as stated previously, the date at the higher
angles of attack only show the trends of the quantities required for
trim and balance. As in the case of the flaps-up, slats-unlocked con-
figuration, figure 8, an uncontrolled-for rolling and yawing motion due
to stalling was present when the airplane was longltudinslly unstable
at the high angles of attack (24° to 38°) and sgein these motions were
much more noticeable to the pilots than the longitudinal instability.

Comparison of the longitudinal stabllity characteristics of the
alrplene for the four different airplane configurations shows that the
slats have a much larger effect on the longitudinal stgblility than do
the flaps., With the slats locked and the flaps up or down the longitudi-
nal stability characteristics of the aslrplane are very similar and with
the slats unlocked and the flaps up or down the charascteristics are
similar. The slats were very effective in improving the low-speed
longitudinal characteristics of the alrplane and the pillots had only
minor obJections to the low-speed longitudinal characteristics when the
slats were unlocked.

Higher gpeeds.- The steady flight longitudinsl stability and con-
trol characteristics were measured in the Mach number range from about
0.50 to 0.87 with the flaps up, landing gear up, slats locked, and the
engine operating at the military power rating of 12,500 rpm. Presented
in figure 11 are the variation of elevator position, elevator control
force, alrplane normal-force coefficient, tail normsl-force coefficient,
angle of attack, and altitude with Mach number. These data were
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obtalined in shaellow dlves which were gtarted at an eltitude of sbout
25,000 feet at a Mach number of asbout 0.50 and were terminated at an
altitude of about 16,000 feet and & Mach number of about 0.87. Data
are presented for four different staebilizer settings in the range
from 0.7° to 2.8%, stabilizer leading edge up.

For all stebilizer settings a stable veriation of elevator position
with Mach number occurred, as shown by the decrease 1n up-elevsator
deflection or increase 1n down-elevator deflection required for trim as
the Mach number increased. No abrupt trim changes occurred up to the
highest Mach number reached, 0.87. In general, for the gtabilizer
settings used, the elevator control-force varistions with Mach number
exhibit a stable varistion as Increasing push forces are required for
trim as the Mach number 1s increased.

From the elevator-position data presented in figure 11 the varia-
tion with Mach number of the relative elevator stabilizer effective-
ness AﬂT/Aﬁe was. determined and this variation is presented in fig-
ure 12. In the Mach number range from 0.55 to 0.80, Awp/ABe has &

constant value of 0.4, Between Mach numbers of 0.80 and 0.85 the date
indicate a slight decrease in Awp/ABg.

Longitudinal Characteristics in Accelerated Flight

The longitudinal stability and control characteristics of the
Douglas D-558-I1 airplane in accelerated flight were measured in wind-up
turns in the Mach number range from 0.40 to 0.87. Turns were made with
the slats both locked and unlocked.

Time histories of two turns made at a Mach number of approxi-
mately 0.60 with the slats locked are presented in figures 13 and 1k.
Inspection of figure 13 shows that for airplane normal-force coefficients
less than 0.7 to 0.8 (before time 11.0 sec) the airplane is stable since
Increasing up-elevator deflectlons are required to increase the airplane
normal-force coefficient. At times between about 11 and 12.8 seconds
the deta indicate that the alrplane is unstable. Although the elevator
wes held substantially fixed, the airplane pitched up quite violently.
The angle of sttack Increased from 6° to 23° and the pitching velocity
from 0.25 radian per second to 0.6 radian per second. At the same time
the normal acceleration increased from 4.0g to 5.0g and the normel-
force coefficient fram 0.70 to 0.95. The pilot spplied corrective
elevator control soon after the pitch up occurred and overcontrolled
the airplane in reécovering. A negative normal acceleration of gbout 3.0g
was reached during the recovery. No unusual lateral or directional
airplane motions occurred during this turn and therefore these motions
are not presented in the time history.
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In the turn shown by the time history of figure 14 the pilot
ettempted to fly the eirplane in the normal-force-coefficlent range
where the airplane was unstable (times between 11 end 14 sec). After
the airplsne pitched up, the airplane first performed an unsteady
rolling motion. The pilot used the rudder in sttempting to control
this rolling motion and caused the airplane to perform a 360° sraproll.
The data indicate that very large angles of sideslip were reached during
the snaproll. NRo sldeslip-sngle measurements were obtained during the
maneuver, but integration of the yawing velocity indicates that sideslip
angles on the order of 30° to 35° were approached. A meximum lateral
acceleration of gbout 1.1l g occurred during the snaproll. Thils latersl
acceleration corresponds to a side force on the alrplane of about
10,800 pounds. The distribution of the side force on the airplane
between the fuselage and vertical tall is not known, but it is likely
that the load on the vertical tail, during oscillatory yawed flight,
approached the vertical tail .design limit load of 8,700 pounds. The
meximum rolling velocity which occurred during the snaproll is not
known as the 2.6-radian-per-second range of the rolling-velocity
recorder was exceeded, but it is likely that the maxiwmum rolling veloc-
ity was on the order of 3.5 to 4.0-radians per second. In recovering
from the snaproll the airplane again reached a negative normal
acceleration of 3.0g.

The pilots reported and the recording Instruments showed that air-
plane buffeting occurred at normal accelerstions slightly less than the
acceleration gt which the airplane became unstsgble. This buffeting
served as a warning of the approach of instability. If the elevator is
moved down when the airplane buffeting occurs, the response of the air-
plane 1s good and the instabllity can be avoided. In the pilot's
opinion the airplane is unflyable in accelerated flight in the 1ift-
coefficient range in which it is unstable. If the pltch up resulting
from the instability is not checked by moving the elevator down as
as soon as 1t is noticed by the pilot, the angle of attack increases
very rapidly and violent rolling and yawlng motions occur when the high
angles of attack are reached.

The longitudinal instability occured 1in turns with the slats locked
in the Mach number range from 0.40 to 0.65. In this Mach number range
there was little 1f any change in the normel-force coefficient of 0.7
to 0.8 at which the irstability occurred. No information has as yet
been obtained on the longitudinal stability and control characteristics
of the Douglas D-558-II airplane at high 1ift coefficients at Mach
numbers greater than about 0.65. Because of the power limitation of
the airplane with only the Jet engine installed, it was not possible to
meke turns at high Mach numbers and high altitudes so as to obtain high
alrplaene 1ift coefficients with reasonsble load factors. It may be
pointed out thet, with the same wing loading, the normal-force coefficlent
at which instability occurs corresponds to a maneuvering loasd factor of
less than 1lg at an altitude of 40,000 feet and a Mach number of 0.65.



12 S + NACA RM L50K13

Presented in figure 15 is a time history of a turn made at a Mach
number of about 0.60 with the airplane in the slats-unlocked configura-
tion. The dats of figure 15 indicate that with the slats unlocked the -
airplane is stable to higher normal-force coefficients than wlth the
slats locked, the normsal-force coefficient for instability being
about 0.90. Also, the pitch up which occurs when the airplane becomes
unsteble is.mild when compared with the slats-locked configuration. In
no case, in turns with the slats unlocked, have violent uncontrollable
yawing and rolling motions occurred sfter the pitch up as did occur with
the slats locked. The pilots did not consider the degree of instability
present with the slats unlocked to be nearly as obJjectionable as the
instability with the slats locked.

From turns such as were presented as time histories In figures 13,
14, and 15 the variations of elevator position, taill normal-force coef-
ficient, and airplene normel-force coefficient with angle of attack,
the variations of elevator position and tail normal-force coefficient
with airplene normal-force coefficlent, end the variation of elevator
control force with normal acceleratlon were determined. These data
are presented in figure 16 for Mach numbers of approximstely 0.LO, 0.62,
0.T4, and 0.87 with the airplane in the slats-locked configuration.
Similar date for the slats-unlocked configuration are presented In fig-
ure 17 for Mach numbers of approximately 0.40, 0.60, and 0.85. The
variation of the slat positlion with angle of attack is also presented
in figure 17. .

At the lower lift coefficients where the airplane was longitudinslly
stable, the varietions of the elevator position with airplane normal-
force coefficient or angle of attack and elevator control force with
normel acceleration are substantislly linear. In the normal-force-
coefficient range where the sirplane was unstable the pilots were not
gble to trim or balance the airplane in sccelerated flight. Therefore,
the data presented in figures 16 and 17 for this normsl-force-coefficient
range represent only the quantities for the particular maneuver and may
or may not be quantities required to trim or balance the airplane.

At the lower angles of attack there 1s no measurable difference in
the longitudinal stebility or control between the slats-locked and the
slats-unlocked configuretions. It is of interest to note that, in the
turn made in the Mach number range from 0.85 to 0.77, figure 17(c), the
slats although unlocked 4id not open as the angle of attack was increased
during the turn. At an angle of attack of 3.7 and & Mach number of O0.7T7,
figure 17(c), the slat opening was about 0.1 inch; whereas at the same -
angle of attack at a Mach number of 0.60, figure 17(b), the slat opening '
was about 2 inches.

Presented in figure 18 are the variations with Mach numbers of
dSe/ECNA, the elevator deflection required to produce & unit change in
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normal-force coefficient, and AFe/Ag, the elevator control force per g
of accelergtion. The values of d&e/aCNA and AFe/Ag presented are

for the low-lift-coefficient rasnge where the airplane was longltudinally
steble and are for turning flight. In the Mach number range from 0.k
to 0.6 the values of dBe/dCy, and NFe/Ag are substantially constent

at 10.0. In the Mach mummber range from 0.6 to 0.87, the values of
dﬁe/&CNA and AFe/Ag increase and at a Mach number of 0.87 dSe/hCNA

and AFe/Ag haeve & wvalue of about 19.0. As was pointed out previously
in the paeper from the data of flgure 12, the elevator effectiveness at

a Mach number of 0.85 is only slightly less t et a Mach number of 0.60
and, therefore, most of the Increase iIn dSe/dCNA and AFe/Ag which

occurs as the Mach number i1s increased from 0.60 to 0.85 can be attrib-
uted to an incresasse In stablility of the slrplene. From measurements of
the horizontal-tail loads it is shown that the lncrease in the airplane
stability can be attributed to the lncrease in the stability of the
wing-fuselage comblnstion. A measure of the stability of the wing-
fuselage combination is presented in figure 19 as the wvarlatlion of the
serodynamic center of the wing-fuselege combinstlon with Mach number,
These data are for low normal-force coefficlents and were obtained from
the tail-load slopes, as shown in typical plots of figures 16 and 17.
The tall loads have been corrected for the effect of pitching accelera-
tion. Inspection of flgure 19 shows that the sercdynamic center of the
wing-fuselage combination moves rearward as the Mach number increases.
At a Mach number ' of 0.40 the aerodynsmic center is at sbout 10 percent
of the mean aserodynsmic chord and at a Mach number of 0.87 the aero-
dynsmic center is at sbout 20 percent of the mesn serodynemic chord.

CORCLUDING REMARKS

Flight measurements were made with the Dougles D-558-II research
airplane to determine the longltudinal stabllity and control character-
istics in both steady flight and accelerated flight.

With the slats locked and the fleps up, the airplane was longltudi-
nally unstable at normel-force coefficlents greater than approxi-
metely 0.8 in steady flight at low speeds and in maneuvering flight at
Mach numbers up to at least 0.65. No date were obtained at high normsl-
force coefficients at Mach numbers greater then about 0.65 because of
the power limitations of the alrplane with only the Jet engine installed.
The instability proved objectlonable to the pilots, particularly in
accelerated flight because of the tendency for the airplane to pitch to
high angles of attack very rapidly and because violent rolling and
yawing motions sometimes occurred when the high angles of attack were
reached. The instebility probably resulted from a large increase in the
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rate of change of effective downwash at the tail with lncresse in angle
of attack at moderate and high angles of attack.

With the flaps down and the glats locked the longitudinal stsbility
charecteristics in steady flight st low speeds were very similar to the
characterlistics with the fleps up and the slats locked except that the
ingtability occurred at a higher normal-force coefficlent.

The degree of instability present with the slats unlocked and the
flaps up or down was much less than with the slats locked and the pilots
had only minor—objections to the longltudinsl characteristics of the
airplane, -

In steady flight in the Mach number range from 0.50 toc 0.87 the
girplane was stable longitudinaelly and no abrupt trim changes cccurred
up to the highest Mach number reached, 0.87. The data indicate that
only a slight reduction in the relative elevator-stabilizer effective-
ness occurred in going from & Mach mumber of sbout 0.55 to 0.85.

In turning flight at low lift coefficlents the values of dse/chA

and AFe/Ag were approximately’ doubled as the Mach number was increased
from 0.6 to 0.87. Most of the increase in dSe/dCNA and AF/Ag can

be attributed to an increase in the stability of the airplane which
occurred beceuse of the increase in the stability of the wing-fuselsge
combination. At a Mach number of 0.4 the merodynamic center of the
wing-fuselage combingtion is at about 10 percent of the mean serodynamic
chord and at s Mach number of 0.87 the aerodynsmic center is at about

20 percent of the mean aerodynamic chord.

Langley Aeronautical Laborstory
Natlional Advisory Committee for Aeronautics
Langley Field, Va.
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TABLIE T

DIMENSIONS AND CHARACTERISTICS OF THE

DOUGLAS D-558-I1 ATRPLANE

Wing:

‘Root airfoil section (normal to 0.30 chord) . .
Tip ailrfoil section (normal to 0.30 chord) . .
Total area, sq £t . . . ¢ . . « ¢« ¢ o« ¢ ¢« o .
SDEN, TE « + o o o v+ v r e e e e e e e e
Mean serodynemic chord, in. - . .
Root chord (parallel to plene of symmetry), in.
Tip chord (parallel to plane of symmetry)}, in.

Taper ratic .« « ¢ ¢ & ¢ 4« @ 4 6 o e s e e 4 s o
Aspect ratio . . . . « s« s+ o a & © & @ o o s
Sweep at 0.30 chord, deg « . . « e e . e
Incidence at fuselage center line, deg © - e
Dihedral, deg . « ¢« ¢« « ¢« & o ¢ o« o« « o o o o o
Geometric twist, deg . . « . . . .
Total aileron area (rearward of hinge), sq ft

Aileron span, perpendicular to plane of symmetry, in.

Alleron travel (each), deg . . . « « « .+ & .
Total flap area, sg £t . . . . . < « « ¢« « . .
Flap travel, deg . « « ¢« ¢ ¢« ¢ ¢ o o & « « « &

Horizontal taill:

Root airfoil section (normal toc 0.30 chord) . .
Tip airfoil section (normsl to 0.30 chord) . .
Area (including fuselage), sq ft . . « . . . .
Span, in. . e e e e o e 4 i e a4 e e = s e
Mean aserodynamic chord, in. . « .
Root chord (parallel to plane of symmetry), in.
Tip chord (parsllel to plane of symmetry)}, in.

Teper ratio ¢ . ¢ ¢ ¢ ¢ ¢ ¢ 2 ¢ @ 4 s e e e e .
Aspect ratio . . . . e e e = s e s s e a
Sweep at 0.30 chord line, deg e e e e e e e e .
Dibedral, deg « « . . . .« . e e e e e e = oa
Elevator area, sg ft . . . . . ¢« « < ¢ o o ..
Elevator travel, deg . . . « « & ¢ « « ¢ o o
Stebllizer travel, deg . . . . . . « .+ . . .

25

1T

NACA 63-010
.NACA 63;-012
. . . 175.0
. . . 25.0
. . . 87.3
. . . 108.5
. . . 61.2
. . . 0.565
. . . 3.570
. . « 35.0
. . . 3.0
.« . . =3.0
. . . 0
. .. 9.8
. . . 66
. . . *15
. . . 12.58
. .. 50
NACA 63-010
WACA 63-010
. . . 39.9
.-. .« 1k3.6
ST I i
. . . 53.6
. . . 26.8
. . .« 0.50
.« .« 3.59
. .. ho.o
.. o]
. .« . 9.4
up, 15 down
5 L.E. down

up,

SNACA
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TABLE I

DIMENSIONRS AND CHARACTERISTICS OF THE

DOUGLAS D-558-I1 AIRPLANE - Concluded

Vertical tall:

Airfoll section (parsllel to fuselage center line). .

Avea, sg ft . . . « . ¢ . . . .

Height from fuselage center line, in.

Root chord (parallel to fuselage center line), in. .

Tip chord (parallel to fuselage center line),

Sweep angle st 0,30 chord, deg

Rudder area (rearward of hinge line),

Rudder travel, deg . . . . . .

Fuselsage:
Length, f+t . . . « .« . . « . .
Maximum dlameter, in. « o e
Fineness ratio . . . . . v .
Speed-retarder area, sq ft . .

Power plant . . . « ¢« » & « « « &

Atrplane weight (full fuel), 1b

Airplane weight (no fuel), 1b . .

s8q Tt

Airplane weight (full fuel and 2 jstos}), 1b

Center-of-gravity locations:

in,

RACA RM L5CK13

2 Jatos for tske-off

Full fuel (gear down), percent mean serodynsmic chord .
Full fuel (gear up), percent measn serodynamic chord . .
No fuel (gear down), percent mean aserodynamic chord . .
No fuel (gear up), percent mean aerodynemic chord . .

Full fuel and 2 Jjatos (gear down), percent mean aerodynamic

chord . . « « « « ¢ « « &

NACA 63-010
... 36.6
.. . 98.0
. . . 146.0
. . . kb0
. .. 9.0
.. . 6.15
. . . 25
. . . kW20
. .. 60.0
. .. 8.0
. 5.25

J 3h-WE-ho
. . 10,645
. . 9,085
. . 11,060
. « . 25.3
. . . 25.8
. . . 26.8
. . 27.5

. . . 29.2



Figure 1.- Front view of Dougl
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a8 D-558-II (BuAero No. 37974) research
airplane.
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Figure U4.- Section of wing slat of Douglas D-558-II (BuAero No. 379T7k4)
research alrplane perpendicular to leading edge of wing.
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Flgure T7.- Low-speed steady flight static longitudinel stability character-
istics of the Douglas D-558-II (BuAero No. 37974) research airplane.
- Flaps up; landing gear up; slats locked; stabilizer setting l.9°; center
~of gravity at 26.6 percent mean aerodynamic chord.
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Figure 8.- Low-speed steady flight statlic longitudinal stabllity character-
istics of the Douglas D-558-II (Budero No. 379TL4) research airplane.
Flaps up; lending gear up; slats unlocked; stabilizer setting 1.70;
center of gravity at 26.7 percent mean aserodynamic chord.
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Figure 9.- Low-speed steady flight static longitudinal stability character-
istics of the Douglas D-558-I1 (BuAero No. 37974} research airplane.
Flaps down; landing gear down; slats locked; stabilizer setting 0.7°;
center of gravity at 27.1 percent mean aerodynamic chord.
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Figure 10.- Low-speed steady flight static longitudinal stability character-
istics of the Douglas D-558-II (BuAero No. 3797L4) research airplane.
Fleps down; landing gear down; slats unlocked; stabilizer setting 1.7%;
center of gravity at 26.8 percent mean aerodynamic chord.
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of the Douglas D-558-II (BuAero No. 379T4) research airplane in the
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Figure 12.- Relatlve elevator-stabilizer effectiveness of the
Douglas D-558-II (BuAero No. 3797L4) research airplane in the
s Mach number range from 0.55 to 0.85.
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(a) M =0.k40; Ip = 2.2°% center of gravity
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Figure 16.- Static longltudinal stebility and control characteristics of

the Douglas D-558-I1 (Buldero Wo. 3797%) research sirplane in turning
flight. Fleps up; lending gear up; slats locked.
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Figure 16.- Continued.
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Figure 16.- Concluded.
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Figure 17.- Static longitudinal stability and control characteristics of the

Douglas D-558-I1 (BuAero No. 379T4) research airplane in turning flight.
Flaps up; landing gear up; slats unlocked.
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Figure 17.- Coptinmued.
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Figure 17.- Concluded.
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Figure lS.- The variation with Mach number of and — for the

Na
Dougles D-558-II (BuAero No. 37974} research airplane. Flaps up;
landing gear up; slats locked or unlocked; center of gravity at 26.7
to 27.4 Percent mean aerodynamic chord.
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Figure 19,- The variation with Mach mmber of the aerodynamic-center
location of the wing-fuselage cambination of the Douglas D-558-II
(BuAero No. 379Th) research airplane. Flaps up; landing gear up;
slats locked or untocked.
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